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1
LUBRICATING OIL MONITORING AND
MAINTENANCE CAP WITH OIL LEVEL
MONITORING SYSTEM

FIELD OF THE INVENTION

The present invention relates generally to lubricating oil
reservoirs for maintaining lubricating oil for providing
machine lubrication, to tracked vehicles and also to mainte-
nance caps used to cap lubricating oil reservoirs of rollers of
tracked vehicles.

BACKGROUND OF THE INVENTION

A crawler-type or tracked vehicle is normally supported
and propelled by an undercarriage assembly having an end-
less track entrained about a drive roller or sprocket, a front
idler roller, a rear idler roller, and a series of track rollers. The
drive roller or sprocket is driven by an engine of the work
vehicle which, in turn, causes the endless track to be advanced
around each of the front and rear idler rollers as well as the
track rollers to advance the work vehicle.

For an endless track to function properly, it must be prop-
erly tensioned around the several rollers, and the several
rollers must be properly maintained to ensure they roll with
the least amount of friction while supporting the weight of the
vehicle. Tracked vehicles are normally considerably heavy.
As a result, the rollers are prone to generate substantial fric-
tional heat as they are made to roll as the tracked vehicle
advances. Excessive frictional heat in the rollers can lead to
roller failure and expensive and time-consuming repair costs.
Limiting frictional heat in rollers is accomplished with a
lubricating oil for providing machine lubrication, and which
is applied to and maintained by reservoirs formed in the
rollers. The lubricating oil must be periodically replenished,
and periodically replaced to ensure the oil functions properly,
namely, that it reduces roller friction and draws and dissipates
heat away from the rollers. Proper oil maintenance in rollers
is essential for proper operation of the tracked vehicle and to
limit unnecessary and time-consuming roller repairs, and the
oil levels in the rollers must be properly maintained to prevent
damage to the rollers, which can occur if the oil levels become
too low.

SUMMARY OF THE INVENTION

According to the principle of the invention, an apparatus
includes a lubricating oil reservoir with an open end closed by
a cap removably coupled to the open end, and the cap has a
lubricating oil engaging side that faces the lubricating oil
reservoir and a sensor located in the lubricating oil reservoir.
The lubricating oil reservoir is for holding a volume of Tubri-
cating oil for providing machine lubrication, which said vol-
ume of lubricating oil is to extend vertically upward into the
lubricating oil reservoir in a direction toward the sensor and
along and in direct contact with the lubricating oil engaging
side of the cap so as to touch the sensor when the volume of
lubricating oil is sufficient to fill the lubricating oil reservoir
to a recommended oil level, and so as to not touch the sensor
when the volume of lubricating oil is insufficient to fill the
lubricating oil reservoir to the recommended oil level. The
sensor for sensing the presence of lubricating oil in response
to the sensor touching the volume of lubricating oil in the
lubricating oil reservoir when the volume of lubricating oil is
sufficient to fill the lubricating oil reservoir to the recom-
mended oil level, and for sensing the non-presence of lubri-
cating oil in response to the sensor not touching the volume of
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lubricating oil in the lubricating oil reservoir when the vol-
ume of lubricating oil is insufficient to fill the lubricating oil
reservoir to the recommended oil level. A signal apparatus is
operatively coupled to the sensor for issuing a first stimulus in
response to the sensor sensing the presence of lubricating oil,
and for issuing a second stimulus in response to the sensor
sensing the non-presence of lubricating oil. The first stimulus
is for identifying a normal lubricating oil level condition, and
the second stimulus is different from the first stimulus and is
for identifying a low oil level condition. The signal apparatus
is an illuminated display for issuing a first state of illumina-
tion being the first stimulus, and a second different state of
illumination being the second stimulus. In a preferred
embodiment, the lubricating oil reservoir is formed in a roller
of a tracked vehicle.

According to the principle of the invention, an apparatus
includes a lubricating oil reservoir with an open end closed by
a cap removably coupled to the open end, and the cap has an
outer side and an opposed lubricating oil engaging side facing
into the lubricating oil reservoir, a maintenance port that
extends through the cap from the outer side to the lubricating
oil engaging side, and a plug, which is removably coupled to
the maintenance port so as to close the maintenance port. A
sensor attached to the plug, and the sensor is located in the
lubricating oil reservoir. The lubricating oil reservoir is for
holding a volume of lubricating oil for providing machine
lubrication, which said volume of lubricating oil is to extend
vertically upward into the lubricating oil reservoir in a direc-
tion toward the sensor and the plug and along and in direct
contact with the lubricating oil engaging side of the cap so as
to touch the sensor when the volume of lubricating oil is
sufficient to fill the lubricating oil reservoir to a recommended
oil level, and so as to not touch the sensor when the volume of
lubricating oil is insufficient to fill the lubricating oil reservoir
to the recommended oil level. The sensor for sensing the
presence of lubricating oil in response to the sensor touching
the volume of lubricating oil in the lubricating oil reservoir
when the volume of lubricating oil is sufficient to fill the
lubricating oil reservoir to the recommended oil level, and for
sensing the non-presence of lubricating oil in response to the
sensor not touching the volume of lubricating oil in the lubri-
cating oil reservoir when the volume of lubricating oil is
insufficient to fill the lubricating oil reservoir to the recom-
mended oil level. A signal apparatus is operatively coupled to
the sensor for issuing a first stimulus in response to the sensor
sensing the presence of lubricating oil, and for issuing a
second stimulus in response to the sensor sensing the non-
presence of lubricating oil. The first stimulus is for identify-
ing a normal lubricating oil level condition, and the second
stimulus is different from the first stimulus and is for identi-
fying a low oil level condition. The signal apparatus is an
illuminated display for issuing a first state of illumination
being the first stimulus, and a second different state of illu-
mination being the second stimulus. In a preferred embodi-
ment, the lubricating oil reservoir is formed in a roller of a
tracked vehicle.

According to the principle of the invention, an apparatus
includes a lubricating oil reservoir with an open end closed by
a cap removably coupled to the open end, and the cap has an
outer side and an opposed lubricating oil engaging side facing
into the lubricating oil reservoir, a maintenance port that
extends through the cap from the outer side to the lubricating
oil engaging side, and a plug, which is removably coupled to
the maintenance port so as to close the maintenance port.
There is a portable sensor, and an engagement assembly
removably coupling the sensor to the plug. The engagement
assembly includes an element of an engagement pair carried
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by the plug, and a complemental element of the engagement
pair carried by the sensor. The sensor is located in the lubri-
cating oil reservoir. The lubricating oil reservoir is for holding
avolume of lubricating oil for providing machine lubrication,
which said volume of lubricating oil is to extend vertically
upward into the lubricating oil reservoir in a direction toward
the sensor and the plug and along and in direct contact with
the lubricating oil engaging side of the cap so as to touch the
sensor when the volume of lubricating oil is sufficient to fill
the lubricating oil reservoir to a recommended oil level, and
s0 as to not touch the sensor when the volume of lubricating
oil is insufficient to fill the lubricating oil reservoir to the
recommended oil level. The sensor is for sensing the presence
of lubricating oil in response to the sensor touching the vol-
ume of lubricating oil in the lubricating oil reservoir when the
volume of lubricating oil is sufficient to fill the lubricating oil
reservoir to the recommended oil level, and for sensing the
non-presence of lubricating oil in response to the sensor not
touching the volume of lubricating oil in the lubricating oil
reservoir when the volume of lubricating oil is insufficient to
fill the lubricating oil reservoir to the recommended oil level.
A signal apparatus is operatively coupled to the sensor for
issuing a first stimulus in response to the sensor sensing the
presence of lubricating oil, and for issuing a second stimulus
in response to the sensor sensing the non-presence of lubri-
cating oil. The first stimulus is for identifying a normal lubri-
cating oil level condition, and the second stimulus is different
from the first stimulus and is for identifying a low oil level
condition. The signal apparatus is an illuminated display for
issuing a first state of illumination being the first stimulus, and
a second different state of illumination being the second
stimulus. In a preferred embodiment, the lubricating oil res-
ervoir is formed in a roller of a tracked vehicle.

Consistent with the foregoing summary of preferred
embodiments, and the ensuing detailed description, which are
to be taken together, the invention also contemplates associ-
ated apparatus and method embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

Referring to the drawings:

FIG. 1is ahighly generalized perspective view ofa tracked
vehicle;

FIG. 2 is an enlarged perspective view of a track roller of
the tracked vehicle of FIG. 1 shown as it would appear formed
with an attachable cap assembly shown as it would appear
installed capping a lubricating oil reservoir of the track roller
of the tracked vehicle;

FIG. 3 is an exploded perspective view of the cap assembly
of FIG. 2 including a cap formed with a lubricating oil main-
tenance port, a gasket, a plug used to open and close the port
formed in the cap, and a sensor forming a part of an oil level
monitoring system;

FIG. 4 is an enlarged, fragmented perspective view of the
cap of FIG. 4;

FIG. 5 is a section view taken along line 5-5 of FIG. 2;

FIG. 6 is an enlarged section view taken along line 6-6 of
FIG. 2;

FIG. 7 is a highly generalized functional block diagram of
an oil level monitoring system constructed and arranged in
accordance with the principle of the invention;

FIG. 8 is illustrative of an operator display of the oil level
monitoring system of FIG. 7;

FIG.9is ahighly generalized block diagram of an alternate
embodiment of an oil level monitoring system constructed
and arranged in accordance with the principle of the inven-
tion;

25

30

35

40

45

55

4

FIG. 10 is an enlarged, fragmented section view of a cap
assembly including a cap formed with a lubricating oil main-
tenance port, a gasket, a plug used to open and close the port
formed in the cap, and a sensor and a transmitter forming a
part of the oil level monitoring system of FIG. 9;

FIG. 11 is a perspective section view of the embodiment of
FIG. 10;

FIG. 12 is an exploded view of the embodiment of FIG. 11;
and

FIG. 13 is a highly generalized vertical section view of an
alternate embodiment of a sensor-plug assembly of an attach-
able cap assembly constructed and arranged in accordance
with the principle of the invention.

DETAILED DESCRIPTION

Turning now to the drawings, in which like reference char-
acters indicate corresponding elements throughout the sev-
eral views, attention is first directed to FIG. 1 in which there
is seen a tracked vehicle 20 that is exemplary of a conven-
tional and well-known articulating tractor including an opera-
tor cab 21 supported by a chassis 22 and which is useful for
drawing cultivating implements for mechanized cultivating
operations as known in the art. Tracked vehicle 20 has a front
or leading end denoted generally at 25 and an opposed rear or
trailing end denoted generally at 26. Rear end 26 is formed
with mechanical and hydraulic couplings (not shown) used to
operatively couple selected cultivating implements as is
known in the art. Vehicle 20 is formed with track assemblies
operable for propelling vehicle 20. In the present embodi-
ment, vehicle 20 is formed with four identical track assem-
blies including left front track assembly 30A, right front track
assembly 30B, left rear track assembly 30C, and right rear
track assembly 30D, which are secured to chassis 22 in a
known manner. The track assemblies 30A-30D are known in
the art and are identical and in FIG. 1 only left front and left
rear track assemblies 30A and 30C are shown in detail for
illustrative purposes.

With reference to left front and left rear track assemblies
30A and 30C depicted in FIG. 1, each such track assembly
30A and 30C includes an array of track rollers, including a
drive track roller 31, a front idler track roller 32, a rear idler
track roller 33, and minor idler track rollers 34 under drive
track roller 31 and which are positioned between front and
rear idler track rollers 32 and 33, as is known in the art, about
which there is entrained an endless track 40. Track rollers 31,
32, 33, and 34 are identical in structure but are sized differ-
ently in the example of tracked vehicle 20 depicted in FIG. 1.
In tracked vehicle 20 illustrated in FIG. 1, drive track roller 31
is larger than front and rear idler track rollers 32 and 33, which
are identical in size, and front and rear idler track rollers 32
and 33 are larger than minor idler track rollers 34, which are
identical in size. As is known in the art, drive track roller 31 is
connected to the engine drive train (not shown) of vehicle 20
and engages endless track 40 to cause translation of endless
track 40 when drive track roller 31 is rotated by the engine. As
endless track 40 rotations, the various idler track rollers are
caused to rotate. Drive track roller 31 may have teeth that
engage within recesses in track 40. Alternatively, track 40
may have teeth that are engaged within recesses in drive track
roller 31. In either configuration, drive track roller 31 can be
rotated in either a clockwise or a counterclockwise direction
to move vehicle 20 in either a forward direction or a reverse
direction. The foregoing brief discussion of track assemblies
30A and 30C applies equally to track assemblies 30B and
30D. Vehicle 20 is driven by endless tracks 40 of the various
track assemblies 30A-30D to advance vehicle 10. The spe-
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cific construction of vehicle 20 is not relevant to the present
invention, and the present invention may be used with any
type of vehicle that is propelled using a track driven by aroller
system, like that of vehicle 20.

As is known in the art, the various track rollers of the track
assemblies 30A-30D of tracked vehicle 20 are identical in
structure and each of them has an open end that leads to or
otherwise communicates with a lubricating oil reservoir that
maintains a volume of a lubricating oil for providing machine
lubrication, namely, for providing lubrication to the track
roller to reduce track roller friction and to draw and dissipate
heat away from the track roller as is known in the art. Accord-
ing to the principle of the invention, each of the track rollers
of'each of the track assemblies 30 A-30D oftracked vehicle 20
is formed with an attached cap assembly denoted generally at
50 used to close the open end to the corresponding lubricating
oil reservoir. Each cap assembly 50 is a track roller-attachable
unit or assembly. The cap assemblies 50 of the tracker rollers
of each of the track assemblies 30A-30D are identical in
structure and are sized appropriately to facilitate installation
onto the open end to the lubricating oil reservoir of the cor-
responding track roller as described below. As a matter of
example, a cap assembly 50 constructed and arranged in
accordance with the principle of the invention will now be
discussed in connection with track roller 31, with the under-
standing that the ensuing discussion of cap assembly 50
applies equally to each of the track rollers of each of the track
assemblies 30A-30D.

InFIG. 2 there is illustrated an enlarged perspective view of
track roller 31 of tracked vehicle 20 of FIG. 1 and cap assem-
bly 50 shown as it would appear installed to track roller 31,
namely, applied to and enclosing lubricating oil reservoir 60
of track roller 31 of vehicle 20 firstillustrated in FIG. 1. As is
known in the art, reservoir 60 is to maintain a volume of a
lubricating oil to provide machine lubrication to track roller
31 to reduce track roller friction and to draw and dissipate
heat away from track roller 80 so as to ensure a proper opera-
tion of track roller 31. Cap assembly 50 is removably secured
or otherwise attached to open end 60A of reservoir 60 closing
open end 60A of reservoir 60 enclosing and sealing the vol-
ume of lubricating oil in reservoir 60, and also provides visual
access into reservoir 60 for lubricating oil level and quality
monitoring purposes.

FIG. 3 is an exploded perspective view of cap assembly 50
of FIG. 2, which includes a cap 70 formed with a lubricating
oil maintenance port 71, a gasket 72, a plug 73 used to open
and close port 71 formed in cap 70, and a sensor 74 forming
a part of an oil level monitoring system constructed and
arranged in accordance with the principle of the invention.
FIG. 4 is an enlarged, fragmented perspective view of cap 70
of FIG. 4 illustrating a conductive trace 76 formed in cap 70,
and FIG. 5 is a section view taken along line 5-5 of FIG. 2
illustrating cap assembly 50 applied to reservoir 60.

Referencing FIGS. 2-5 in relevant part, cap 70 is broad and
disc-shaped and of substantial construction, and is formed a
strong, hard, impact resistant, temperature resistant, chemical
resistant, non-conductive, and transparent material or combi-
nation of materials. A preferred material is transparent plas-
tic, such as transparent nylon. Cap 70 is preferably formed
integrally, such as by molding, or machining from a billet or
other stock work-piece. Cap 70 consists of a sealing body 80,
which has an outer side or face 81 and an opposed inner side
or face 82 that meet at an outer perimeter extremity, which, in
the present embodiment, is characterized by a circular perim-
eter or parametric flange 85. Sealing body 80 has a substan-
tially uniform thickness extending between outer and inner
faces 81 and 82. In the present embodiment, sealing body 80
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has a thickness extending between outer and inner faces 81
and 82 in a range of approximately 7-9 millimeters.

As best seen in FIG. 5, sealing body 120 bulges outwardly
from parametric flange 85, characterized in that outer and
inner faces 81 and 82 are convex and concave, respectively,
extending from parametric flange 85 to a geometric center of
sealing body 80 formed with port 71. Port 71 is formed in
sealing body 80 at the geometric center of sealing body 80 and
this embodiment, and port 71 extends through sealing body
80 from outer face 81 of sealing body 80 to inner face 82 of
sealing body 80.

Port 71 is adapted to receive plug 73 to close and seal port
71. With continuing reference to FIGS. 3 and 5, and looking
additionally to FIG. 6, plug 71 is formed of a strong, hard,
impact resistant, temperature resistant, chemical resistant,
and non-conductive material or combination of materials,
such as nylon or other plastic, and consists of a threaded post
90 having an outer end or extremity 91 formed with a broad,
enlarged head 92, and an opposed inner end or extremity 93.
Head 92 is considered part of, or otherwise an extension of,
outer end or extremity 91. A gasket 95 encircles post 90 and
is located along underside 92A of head 92, and post 90 relates
to port 71. Plug 73 is movable between an open or a detached
position detached from and opening port 71 as shown in FI1G.
3 so as to provide access therethrough, such as to reservoir 60
depicted in FIG. 5 for lubricating oil replacement and replen-
ishment purposes, and a closed or an attached position
applied to and closing port 71 as shown in FIGS. 5 and 6. Port
71 is inwardly threaded, and post 90 of plug 73 is correspond-
ingly outwardly threaded between outer end 91 and inner end
93. To apply and attach plug 73 to port 71, plug 73 is taken up,
such as by hand, and applied inner end 93 first to port 71 and
is threaded into port 111 through rotation and is tightened to
secure plug 73 in place tightening underside 92A of head 92
directly against outer face 81 of sealing body 80. In the closed
position of plug 73 as shown in FIGS. 5 and 6, outer end or
extremity 91 formed with head 92 is juxtaposed relative to the
outer side or face 81 of cap 70, opposed inner end or extremity
93 is extends into volume 60 away from inner side or face 82
of'cap 70 and is juxtaposed relative to the inner side or face 82
of'cap 70, and gasket 95 is applied between port 71 and head
92 of plug 73 to provide a fluid-impervious seal between, one
the one hand, port 71 of cap 70 and, on the other hand, head 92
of plug 73. The application of gasket 95 between port 71 and
plug 73 is known in the art and provides a fluid-impervious
seal between port 71 and plug 73 to prevent lubricating oil
from leaking through port 71 from reservoir 60.

FIG. 5 is a highly generalized representation of reservoir
60 formed in track roller 31 and which has open end 60A, and
this is a conventional and well-known arrangement in the art
of track rollers. Gasket 72 and flange 85 of cap 70 relate to
open end 60A to reservoir 60. In the installation of cap assem-
bly 50 to reservoir 60, gasket 72 is applied to open end 60A,
and cap 70 is taken up and inner face 82 is directed toward
open end 60A and cap 70 is then moved toward open end 60A
s0 as to apply inner face 82 of sealing body 80 at flange 85
against gasket 72 applied to open end 60A to reservoir 60.
Flange 85 is then secured in place to open end 60A closing
open end 60A with cap 70, and sealing body 80 spans open
end 60A of reservoir 60 and gasket 72 is applied between
open end 60A of reservoir 60 and flange 85 to provide a
fluid-impervious seal between sealing body 80 and open end
60A. With cap assembly 50 so installed as is known in the art,
the outer side or face 81 of sealing body 80 faces away from
open end 60A and opposed inner side or face 81 of sealing
body 80 faces open end 60A and faces into reservoir 60.
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Cap 70 is secured to open end 60A of reservoir 60 with
fasteners as is known in the art, which, in the present embodi-
ment, are bolts 100. Bolts 100 are conventional metal bolts
that are preferably formed of steel, which is an electrically-
conductive metal. Flange 85 is formed with spaced-apart bolt
holes 101 that correspond or relate to bolt holes formed in
open end 60A of reservoir 60. As a matter of illustration and
reference, FIG. 5 shows two such bolt holes 61 formed in
open end 60A ofreservoir 60. In the application of cap assem-
bly 50 to open end 60A of reservoir 60, bolt holes 101 of
flange 85 are registered with boltholes 61 formed in open end
60A of reservoir 60. Bolts 100 are applied to bolt holes 101
formed in flange 85 and are threaded into boltholes 61 formed
in open end 60A of reservoir 60 and are then tightened down
through rotation forcibly applying bolt heads 101A of bolts
100 against outer side or face 81 of cap 70 clamping down and
securing cap 70 of cap assembly in place to open end 60A as
shown in FIGS. 2 and 5 while compressing gasket 72 between
cap 70 and open end 60A to reservoir forming the fluid
impervious seal between cap 70 and open end 60A to reser-
voir 60. In the present embodiment there are eight bolt holes
61 in open end 60A of reservoir 60, and there are eight
corresponding bolt holes 101 in flange 85 of cap 70.

With cap assembly 50 in place to open end 60 A of reservoir
60 closing open end 60A and with plug 73 installed in place
in its closed position closing port 71, a volume 110 of a
lubricating oil 111 is applied to reservoir 60 in the conven-
tional manner, which prepares and readies track roller 31 for
use in the normal manner in the operation of vehicle 20 of
FIG. 1. As cap 70 is transparent, sealing body 80 spanning
open end 60A of reservoir 60 is transparent to provide visual
access therethrough in the direction indicated by arrowed line
A in FIG. 5 into reservoir 60 through open end 60A for
lubricating oil level and quality monitoring purposes, in
accordance with the principle of the invention.

In the normal and customary operational position of track
roller 31, reservoir 60 is horizontal in a direction of horizontal
plane X in relation to open end 60A, which is orthogonal or
otherwise vertical with respect to reservoir 60 in a direction of
vertical plane Y, and this orientation of reservoir 60 relative to
open end 60A is clearly depicted in FIG. 5. In this orientation
of reservoir 60 and open end 60A in which reservoir 60
extends in a horizontal direction defined by horizontal plane
X and open end 60A extends in a comparatively vertical
direction defined by vertical plane Y, cap 70 attached to open
end 60A is vertically disposed or otherwise oriented in a
direction of vertical plane Y such that sealing body 80 extends
vertically upwardly in the direction of vertical plane Y and
across open end 60A to reservoir 60. The volume 110 of
Iubricating oil 111 applied to reservoir 60 partially fills res-
ervoir 60 and extends vertically upwardly or upward into
reservoir 60 toward port 71 and plug 73 in the direction of
arrowed line B in FIG. 5 and along and in direct contact with
or otherwise against the inner side or face 81 of sealing body
120 to a level 120 just below port 71 and plug 73 sealing port
71 as is clearly illustrated in FIG. 5. Level 120 of volume 110
of lubricating 0il 111 is a recommended oil level, which is the
oil level that ensures that there is a sufficient amount or
volume of lubricating oil 111 in reservoir 60 to provide track
roller 31 with the necessary lubrication and heat-dissipation
to ensure that tracker roller 31 functions properly or otherwise
in the customary way. Because inner side or face 81 of cap 70
faces into volume 60 of track roller 31 and is in direct contact
with volume 110 of lubricating oil 111 filling reservoir 60 to
level 120, inner side or face 81 of cap 70 is considered to be a
lubricating oil engaging side or face of cap 70.
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The recommended oil level 120 of volume 110 of lubricat-
ing oil 111 ensures that track roller 31 is properly lubricated
during operation as indicated above. Should volume 110 of
lubricating oil 111 diminish or otherwise become at least
partially depleted so as to fall below the recommended level
denoted generally at 120 to a low oil level, such as the low oil
level denoted generally at 121 in FIG. 6, the diminished or
partially depleted volume 110 of Iubricating oil 111 defining
low oil level 121 is defined as an oil level that is not sufficient
to properly lubricate track roller 31, which could cause track
roller to fail or to become damaged. When volume 110 of
lubricating oil 111 falls from recommended oil level 120 to a
low oil level, such as low oil level 121, volume 110 of lubri-
cating oil 111 should be replenished to bring volume 110 of
lubricating oil 111 back recommended oil level 120 to ensure
track roller 31 is properly lubricated. And so when volume
110 of lubricating oil 111 partially fills reservoir 60 to rec-
ommended oil level 120, volume 110 of lubricating oil 111
applied to reservoir 60 is sufficient to fill reservoir 60 to
recommended oil level 120. Furthermore, when volume 110
of lubricating 0il 111 partially fills reservoir 60 to low oil level
121, volume 110 of lubricating 0il 111 applied to reservoir 60
is insufficient to fill reservoir 60 to recommended oil level
120.

According to the principle of the invention, sensor 74 of
cap assembly 50 forms a part of an oil level monitoring
system for sensing the presence of lubricating oil in response
to sensor 74 touching volume 110 of lubricating oil 111 in
reservoir 60 when volume 110 of lubricating oil 111 is suffi-
cient to fill reservoir 60 to recommended oil level 120, for
sensing the non-presence of lubricating oil in response to
sensor 74 not touching volume 110 of lubricating oil in res-
ervoir 60 when volume 110 of lubricating oil 111 is insuffi-
cient to fill reservoir 60 to recommended oil level 120, for
issuing a stimulus in response to sensor 74 sensing the pres-
ence of lubricating oil so as to identify a normal or recom-
mended lubricating oil level condition in reservoir 60 and
alert an operator of vehicle 20 of such a normal or recom-
mended lubricating oil level condition in reservoir 60, and for
issuing a different stimulus in response to sensor 74 sensing
the non-presence of lubricating oil so as to identify a low or
un-recommended lubricating oil level condition in reservoir
60 and alert the operator of vehicle 20 of such a low or
un-recommended lubricating oil level condition in reservoir
60 to prompt the operator to replenish the volume 110 of
lubricating oil 111 in reservoir in order to bring it up to
recommended oil level 120 to produce a normal or recom-
mended lubricating oil level condition in reservoir 60. The oil
level monitoring system constructed and arranged in accor-
dance with the principle of the invention is incorporated in
vehicle 20 and in cap assembly 50 of track roller 31, and also
in each cap assembly 50 of each tracker roller of each of track
assemblies 30A-30D of vehicle. The specific details of sys-
tem 150 will be discussed in connection with cap assembly 50
of track roller 31, with the understanding that the ensuing
discussion of system 150 in connection with cap assembly 50
of track roller 31 applies to the cap assembly 50 of each track
roller of each of track assemblies 30A-30D of vehicle 20 of
FIG. 1.

FIG. 7 is a highly generalized functional block diagram of
an oil level monitoring system 150 constructed and arranged
in accordance with the principle of the invention, which
includes sensor 74 coupled in signal communication to a
signal apparatus 151 through a Universal Serial Bus (USB)
156, and a power supply 154 electrically connected between
vehicle source power 155 and bus 156. In this embodiment,
signal apparatus 151 consists of a controller 152 and an opera-
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tor display 153. System 150 uses vehicle source power 155 in
the present embodiment, which in vehicle 20 is nominally 12
volts, but may be 6 volts or 24 volts depending on the type of
tracked vehicle incorporating system 150. In order to use this
vehicle source power 155, power supply 154 is used to
modify the voltage to a voltage compatible with system 150,
which, in the present example, is nominally 9 volts.

Sensor 74 is incorporated into, and forms a part of, cap
assembly 50, and is located in reservoir 60 when cap assem-
bly 50 is assembled and installed onto track roller 31 as shown
in FIG. 6. Looking to FIGS. 5 and 6, sensor 74 is applied to
inner face 82 of cap 70, and is located at the geometric center
of'cap 70 at the region of port 71 and there it is attached to cap
assembly 50 so as to be positioned or located to touch volume
110 of lubricating oil 111 when volume 110 of lubricating oil
111 is sufficient to fill reservoir 60 to recommended oil level
120, and to not touch volume 110 of lubricating oil 111 when
volume 110 of lubricating oil 111 is insufficient to fill reser-
voir 60 to recommended oil level 120, such as when volume
110 of lubricating oil 111 fills reservoir 60 to low oil level
121.

Looking in relevant part to FIGS. 3 and 6, sensor 74 is a
conventional and well-known portable touch sensor. Sensor
74 is adapted to be removably coupled to cap assembly 50,
and is therefore considered to be a cap assembly-attachable
sensor. More specifically, sensor 74 is configured to be
removably coupled to plug 73 of cap assembly 50, and is
therefore considered more specifically to be a plug-attachable
sensor, wherein plug 73 and sensor 74 together form a sensor-
plug assembly in accordance with the principle of the inven-
tion.

Sensor 74 is formed in the shape of a cylindrical body 130,
which has opposed inner and outer ends 131 and 132. A blind
bore 133 is formed in cylindrical body 130, which extends
into cylindrical body 130 from inner end 131 and terminates
at an end wall 134 within cylindrical body 130. Blind bore
133 is inwardly threaded and relates to outwardly threaded
inner end 93 of plug 73 so as to be capable of being threaded
onto inner end 93 of plug 73 to removably couple sensor 74 to
plug 73. To removably attach sensor 74 to plug 73, cylindrical
body 130 is threaded onto inner end 93 of plug 73 by applying
inner end 93 of plug 73 to blind bore 133 and then rotating
cylindrical body 130 so as to threadably secure and tighten
outer end 93 of plug 73 into blind bore 133 and to draw and
tighten inner end 131 of cylindrical body 130 against the area
of inner face 82 of cap 70 that encircles port 71. Port 71
defines and encircles a central axis 71', about which plug 73
applied to port 71 is symmetrical and about which cylindrical
body 130 of sensor 74 applied to inner end 93 of plug 73 is
also symmetrical, which allows sensor 74 to interact with the
level of lubricating oil in reservoir 60 regardless of the rota-
tional orientation of track roller 31.

In a particular embodiment, an adhesive denoted at 135 is
applied between inner end 131 of cylindrical body 130 of
sensor 74 and inner face 82 of cap 70, which adhesively
adheres cylindrical body 130 to inner face 82 of cap 70. This
allows plug 73 to be threadably removed from port 71 and
sensor 74 without sensor 74 detaching and falling away from
cap 71. If desired, sensor 74 may be initially adhesively
applied to cap 70 with blind bore 133 aligned with port 71 as
shown in FIG. 6, after which plug 73 may be threaded into
port 71 and into blind bore 133 to secure plug 73 to port 71 and
removably couple plug 73 to sensor 74.

Inwardly threaded blind bore 133 complements outwardly
threaded inner end 93 of plug 73, which together form an
engagement assembly that removably couples or attaches
sensor 74 to plug 73. According to this disclosure, outwardly
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threaded inner end 93 of plug 73 is exemplary of an engage-
ment element of the engagement assembly removably cou-
pling sensor 74 to plug 73, and inwardly threaded blind bore
133 is exemplary of a complemental element of the engage-
ment assembly removably coupling sensor 74 to plug 73. In
alternate embodiments, other forms of engagement assem-
blies may be formed between sensor 74 and plug 73 to remov-
ably couple sensor 74 to plug 73 without departing from the
invention, such as a detent engagement pair, a key engage-
ment pair, etc.

Sensor 74 and signal apparatus 151 are electrically con-
nected through bus 156 so as to be operatively coupled in
signal communication. Bus 156 is, in turn, electrically con-
nected to power supply 154 that is electrically connected to
vehicle source power 155, and these electrical connections
are made conventionally according to conventional electrical
wiring techniques with conventional electrical wiring incor-
porated into vehicle 20 or with the existing electrical wiring
of vehicle 20.

Referencing FIG. 6, plug 73 is formed with a conductor
structure denoted generally at 138 including opposed conduc-
tivetracks 140 and 141, which are molded machined into plug
73. Conductive track 140 is formed of copper and is in the
form of a circular disk formed in underside 92A ofhead 92 of
plug 73 that is integral with conductive track 141 that is also
preferably formed of copper and that extends centrally
through threaded post 90 from conductive member 140
formed in underside 92A of head 92 to a contact 142 that
protrudes outwardly from the geometric center of inner end
93 of plug 73. Contact 142 contacts and mates with a corre-
sponding electrical contact 143 formed in endwall 134 of
sensor 74 removably coupled to inner end 93 of plug 73,
which electrically connects sensor 74 to conductor structure
138 formed in plug 73.

Conductive track 140 formed in underside 92A of plug 73
is applied directly against the outer side or face 81 of cap 70
and electrically contacts conductive trace 76 formed in cap 70
when plug 73 is secured to port 71, which electrically con-
nects conductive trace 76 to conductor structure 138 formed
in plug 73 and also sensor 74 electrically connected to con-
ductor structure 138 of plug 73. Referencing FIGS. 3-6 in
relevant part, conductive trace 76 is formed on outer side or
face 81 of cap 70 between port 71 and one of the bolts holes
101 formed in flange 85, and this bolt hole is denoted at 101'
in FIGS. 3-5 for clarity. Conductive trace 76 is preferably
formed of copper and consists of an elongate conductive track
160 formed between a circular conductive track 161 that
circumscribes the outer opening to port 71 and an opposed
circular conductive track 162 that circumscribes the outer
opening to bolt hole 101'. Conductive track 140 formed in
underside 92A of plug 73 contacts circular conductive track
161 of conductive trace 76 when plug 73 is secured to port 71,
which electrically connects conductive trace 76 to conductor
structure 138 formed in plug 76 and to sensor 74 applied to
inner end 93 of plug 73.

In the installation of bolt 100 to bolt hole 101", the head
101 A of bolt 100 is received directly against outer side or face
81 of cap and circular conductive track 162 formed at bolt
hole 101", which electrically connects conductive trace 76 to
bolt 100. The bolt hole 61 aligned with bolt hole 101' of cap
73 in FIG. 5 is denoted at 61' for clarity, and is lined with a
conductive liner 170 formed preferably of copper and which
electrically connects bolt 100 when bolt 100 is applied
through bolt hole 101' and is threaded into bolt hole 61'.
Conductive liner 170 is electrically connected to a conductive
wire 171 formed in track roller 31, and this wire 171 is, in
turn, electrically connected to bus 156 referenced in FIG. 7.
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And so conductive wire 171 electrically connects bus 156 to
conductive liner 170 formed in bolt hole 61', conductive liner
170 electrically connects bolt 100 applied to bolt hole 61' and
bolt 100 applied to bolt hole 61' electrically connects conduc-
tive trace 76 at circular conductive track 162 relating to bolt
hole 101', conductive track 140 of the conductor structure of
plug 73 applied to port 71 electrically connects conductive
trace 76 at circular conductive track 161 relating to port 71,
and conductive track 141 of plug electrically connects sensor
74 applied to inner end 93 of plug 73. This described “hard”
or “wired” electrical connecting architecture forms an elec-
tronic coupling between sensor 74 and bus 156 of system 150,
which is powered by power from power supply 154 that, in
turn, is powered by vehicle source power 155, in accordance
with the principle of the invention.

Bus 156 operatively couples sensor 74 to signal apparatus
151 so as to couple signal apparatus 151 in electrical and
signal communication to sensor 74. In the operation of system
150 in reference in relevant part to FIGS. 6 and 7, sensor 74 of
cap assembly 50 senses the presence of lubricating oil in
response to sensor 74 touching volume 110 of lubricating oil
111 in reservoir 60 when volume 110 of lubricating oil 111 is
sufficient to fill reservoir 60 to recommended oil level 120,
and senses the non-presence of lubricating oil in response to
sensor 74 not touching volume 110 of lubricating oil in res-
ervoir 60 when volume 110 of lubricating oil 111 is insuffi-
cient to fill reservoir 60 to recommended oil level 120, such as
when the oil level in reservoir 60 falls out of contact with
sensor, such as to low oil level 121 as denoted in FIG. 6. In
response to sensor 74 sensing the presence of lubricating oil,
sensor 74 issues a normal-mode signal to signal apparatus
151 through bus 156. In response to receiving this normal-
mode signal, signal apparatus 151 is responsive and issues a
normal-mode stimulus for identifying a normal lubricating
oil level condition in reservoir 60 of track roller 31. The
normal-mode stimulus for identifying a normal lubricating
oil level condition in reservoir 60 is designed to alert or
inform an operator of vehicle 20 of such a normal lubricating
oil level condition in reservoir 60 to indicate to such an
operator that the track roller 31 has the recommended or
sufficient volume of Tubricating oil to properly lubricate track
roller 31. Inresponse to sensor 74 sensing the non-presence of
lubricating oil, sensor 74 issues a low-mode signal to signal
apparatus 151 through bus 156. In response to receiving this
low-mode signal, signal apparatus 151 is responsive and
issues a low-mode stimulus for identifying a low lubricating
oil level condition in reservoir 60 of track roller 31. The
low-mode stimulus for identifying a low lubricating oil level
condition in reservoir 60 is designed to alert or inform an
operator of vehicle 20 of such a low lubricating oil level
condition in reservoir 60 to indicate to such an operator that
the track roller does not have the recommended or sufficient
volume of lubricating oil to properly lubricate track roller 31.

Signal apparatus 151 is a vehicle attached unit in that it is
attached to vehicle 20 of FIG. 1 at alocation so as to be readily
accessible by an operator of vehicle 20. In vehicle 20, signal
apparatus 151 is attached to the body of vehicle 20 below
operator cab 21 so as to be viewable from outside of vehicle
20. This location for signal apparatus 151 is set forth as a
matter of illustration and reference, and it is to be understood
that signal apparatus 151 may be installed at other locations
on vehicle 20 to permit it to be accessed by an operator of
vehicle 20. If desired, signal apparatus 151 can be installed
inside operator cab 21 of vehicle 20 to allow it to be easily
accessed by an operator operating vehicle from within opera-
tor cab 21.
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Signal apparatus 151 includes a controller 152 and an
operator display 153 as referenced in F1G. 7. Operator display
153 is configured to issue normal-mode and low-mode
stimuli to alert or inform an operator of vehicle 20 of normal
and low lubricating oil conditions of track roller 31 of track
assembly 30A and also the track rollers of the other track
assemblies 30B, 30C, and 30D.

A pictorial representation of operator display 153 is shown
in FIG. 8. Display 153 includes graphical representations of
track assemblies 30A-30D of vehicle 20, including graphical
representation 30A' of left front track assembly 30A of
vehicle 20, graphical representation 30B' of right front track
assembly 30B of vehicle 20, graphical representation 30C' of
left rear track assembly 30C of vehicle 20, and graphical
representation 30D' of right rear track assembly 30D of
vehicle 20. Display 153 is preferably an illuminated display,
such as an instrument cluster, and graphical representations
30A'-30D' of display 153 are illuminated representations that
relate to track assemblies 30A-30D of vehicle 20. Graphical
representations 30A'-30D' visually represent the correspond-
ing track assemblies 30A-30D and include display elements
that graphically and visually represent the layout and arrange-
ment the corresponding endless track 40 and track rollers
31-34 of the various track assemblies 30A-30D. The display
elements of each of the graphical representations 30A'-30D'
include endless track display element 40" corresponding to an
endless track 40, a drive track roller display element 31'
corresponding to a drive track roller 31, a front idler track
roller display element 32' corresponding to a front idler track
roller 32, a rear idler track roller display element 33' corre-
sponding to a rear idler track roller 33, and minor idler track
roller display elements 34' corresponding to minor idler track
rollers 34, and the appearance and layout or arrangement of
these display elements corresponds to the appearance and to
the layout or arrangement of the endless track and track
rollers of the various track assemblies 30A-30B. This allows
an operator to visually relate graphical representations 30A'-
30D, and the various endless track and track roller display
elements, to the corresponding track assemblies 30A-30D,
including the various endless tracks and track rollers thereof.

Display elements 31',32', 33", and 34' of the various graphi-
cal representations 30A', 30B', 30C', and 30D' are each
adapted to issue the normal-mode stimulus for identifying a
normal track roller lubricating oil level condition, and the
low-mode stimulus for identifying a low track roller lubricat-
ing oil level condition. The normal-mode stimulus and the
low-mode stimulus of each of display elements 31', 32', 33"
and 34' are lights in or of display elements 31', 32', 33", and
34'. The normal-mode stimulus is a green light 200, and the
low-mode stimulus is a red light 201, which is different from
green light 200 to allow an operator to visually distinguish
green light 200 from red light 201. Green and red lights 200
and 201 are part of the illuminated display of operator display
153, and may, in a particular embodiment, consist of LED
lights including a green LED light for green light 200 and a
red LED light for red light 201.

Sensor 74 of cap assembly 50 associated with drive track
roller 31 of vehicle 20 relates to drive track roller display
element 31' of operator display 153 graphical representation
30A' of drive track assembly 30A of vehicle 20. Sensor 74 is
encoded with a signature that assigns sensor 74 to drive roller
31 of track assembly 30A of vehicle. The normal-mode and
low-mode signals issued by sensor 74 are, in turn, encoded
with the signature of sensor 74. Controller 152 of signal
apparatus 151 is coupled to sensor 74 through bus 156 to
receive the normal-mode and low-mode signals issued by
sensor 74, and controller 152 is programmed to recognize the
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signature of the normal-mode and low-mode signals issued
from sensor 74, and trigger or activate the corresponding
drive roller display element 31' of graphical representation
30A' of track assembly 30A of vehicle 20 to issue the normal-
mode stimulus from the normal-mode signal of sensor 74 and
to issue the low-mode stimulus from the low-mode signal of
sensor 74.

Inresponse to sensor 74 sensing the presence of lubricating
oil, sensor 74 issues its normal-mode signal to controller 152
through bus 156. Controller 152 is coupled to bus 156 to
receive this normal-mode signal from sensor 74, which is
encoded with the signature related to sensor 74. In response to
receiving the normal-mode signal from sensor 74, controller
152 processes the normal-mode signal, recognizes the nor-
mal-mode signal and the encoded signature thereof corre-
sponding to drive roller 31 of track assembly 30A of vehicle,
and then triggers green light 200 of drive roller display ele-
ment 31' of graphical representation 30A' related to track
assembly 30A of vehicle 20. The triggering of green light 200
causes green light 200 to illuminate green light, which is a
state of illumination and which constitutes the normal-mode
stimulus and which is designed to indicate a normal lubricat-
ing oil level condition in reservoir 60 of drive roller 31 of track
assembly 30A of vehicle 20, in accordance with the principle
of'the invention. As long as sensor 74 senses the presence of
lubricating oil, it persistently issues the normal-mode signal
causing controller 152 to persistently trigger display element
31' to illuminate green light 200. In other words, green light
200 remains illuminated as long as sensor 74 senses the
presence of lubricating oil, which alerts or inform an operator
of vehicle 20 of such a normal lubricating oil level condition
in reservoir 60 of drive track roller 31 to indicate to such an
operator that the track roller 31 has the recommended or
sufficient volume of Tubricating oil to properly lubricate track
roller 31. Should sensor 74 stop issuing its normal-mode
signal, controller 152 is responsive and deactivates green
light 200 of drive track roller display element 31' of graphical
representation 30A' thereby deactivating the normal-mode
stimulus related to drive track roller display element 31'.

In response to sensor 74 sensing the non-presence of lubri-
cating oil, sensor 74 issues its low-mode signal to controller
152 through bus 156. Controller 152 is coupled to bus 156 to
receive this low-mode signal from sensor 74, which is
encoded with the signature related to sensor 74. In response to
receiving the low-mode signal from sensor 74, controller 152
processes the low-mode signal, recognizes the low-mode sig-
nal and the encoded signature thereof corresponding to drive
roller 31 of track assembly 30A of vehicle, and then triggers
red light 201 of drive roller display element 31' of graphical
representation 30A' related to track assembly 30A of vehicle
20. The triggering of red light 201 causes red light 201 to
illuminate red light, which is a state of illumination that is
different from normal-mode stimulus state of illumination
and which constitutes the low-mode stimulus and which is
designed to indicate a low lubricating oil level condition in
reservoir 60 of drive roller 31 of track assembly 30A of
vehicle 20, in accordance with the principle of the invention.
As long as sensor 74 senses the non-presence of lubricating
oil, it persistently issues the low-mode signal causing con-
troller 152 to persistently trigger display element 31' to illu-
minate red light 201. In other words, red light 201 remains
illuminated as long as sensor 74 senses the non-presence of
lubricating oil, which alerts or inform an operator of vehicle
20 of such a low lubricating oil level condition in reservoir 60
of drive track roller 31 to indicate to such an operator that the
track roller 31 does not have the recommended or sufficient
volume of lubricating oil to properly lubricate track roller 31.
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Should sensor 74 stop issuing its low-mode signal, controller
152 is responsive and deactivates red light 201 of drive track
roller display element 31' of graphical representation 30A’
thereby deactivating the low-mode stimulus related to drive
track roller display element 31'.

The process of system 150 described above in connection
with cap assembly 50 and drive track roller 31 of sensor 74
issuing the encoded normal-mode and low-mode signals
from sensor 74 and signal apparatus receiving and triggering
normal-mode and low-mode stimuli of the corresponding
display element of operator display 153 in conjunction with
cap assembly 50 of drive track roller 31 applies in every
respect to each of the cap assemblies of each of the track
rollers of each of track assemblies 30A-30D of vehicle 20.
And so simply by looking at operator display 153, an operator
can be quickly visually informed of the oil level conditions of
the various track rollers of the various track assemblies 30A-
30D of vehicle 20 and quickly identify which of the various
track rollers have a normal lubricating oil level condition and
which of the various track rollers have a low lubricating oil
level condition. To ensure the oil level readings by the various
sensors of the cap assemblies of the various track rollers are
accurate, it is to be noted that vehicle 20 should be resting on
level or near level ground. In the present embodiment, opera-
tor display 153 is applied exteriorly to chassis 22 of vehicle 20
under operator cab 21 so as to be accessible for viewing by an
operator from outside vehicle 20, such as by an operator
standing on the ground beside vehicle 20. Operator display
153 can be located elsewhere for convenient viewing, includ-
ing inside operator cab 21, if so desired. Moreover, operator
display 153 can, in a particular embodiment, be incorporated
into a wireless device, such as a tablet computer or other
wireless device or internet appliance, and wirelessly coupled
in a conventional manner to controller 152 so as to wirelessly
receive sensor signals. In yet another embodiment, signal
apparatus 151 may, as a whole, be formed as a wireless device
wireless coupled to serial bus 156 so as to wireless receive
sensor signals.

In the discussion of system 150 above in connection with
cap assembly 50 of drive track roller 31, there is a “hard” or
“wired” electrical connecting architecture that electrically
connects sensor 74 to bus 156. In an alternate embodiment,
this “hard” or “wired” electrical connecting architecture
between sensor 74 and bus 156 can be replaced by a wireless
coupling provided by a transmitter wirelessly coupled to a
receiver coupled between sensor 74 and bus 156. To illustrate
this, FIG. 9 is a highly generalized block diagram of an
alternate embodiment of an oil level monitoring system 220
constructed and arranged in accordance with the principle of
the invention. In common with system 150, system 220 shares
sensor 74, signal apparatus 151, including operator display
153 and controller 152, electrically connected to bus 156, and
power supply 154 electrically connected between vehicle
source power 155 and bus 156. In system 220, a wireless
transmitter 221 is electrically connected to sensor 74, a cor-
responding wireless receiver 222 is electrically connected to
bus 156, and transmitter 221 is wireless coupled in signal
communication to receiver 222. In system 220, transmitter
221 wirelessly transmits normal-mode and low-mode signals
from sensor 74 to receiver 222, which, in turn, relays the
normal-mode and low-mode signals to signal apparatus 151
through bus 156 for processing in the manner described above
in connection with system 150.

The implementation of the transmitter 221 and the receiver
222 of system 220 is implemented in a cap assembly as shown
in FIGS. 10-12 and which is denoted by the reference char-
acter 50'. In common with cap assembly 50 discussed above,
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cap assembly 50" is identical in every respect and shares cap
70 formed with port 71 that extends through sealing body 80
from outer side or face 81 to inner side or face 82, plug 73 used
to open and closed port 71, and sensor 74. Like cap assembly
50, plug 73 of cap assembly 50' includes threaded post 90,
outer end or extremity 91 including head 92, inner end 93 that
removably couples sensor 74, and also gasket 95. In cap
assembly 50', transmitter 221 is attached to outer end or
extremity 91 of plug 73 and is operatively coupled to sensor
74 applied to inner end 93 of plug 73.

As discussed above in connection with system 150, sensor
74 is for sensing the presence of lubricating oil in response to
sensor 74 touching volume 110 of lubricating oil 11 in lubri-
cating oil reservoir 60 as shown in FIG. 10 when volume 110
of lubricating oil 111 is sufficient to fill reservoir 60 to rec-
ommended oil level 120, and for sensing the non-presence of
lubricating oil in response to sensor 74 not touching volume
110 of lubricating oil 11 in reservoir 60 when volume 110 of
lubricating oil 11 is insufficient to fill reservoir 60 to recom-
mended oil level 120, such as when volume 110 of lubricating
o0il 111 fills reservoir 60 to low oil level 121. Transmitter 221
is operatively coupled to sensor 74 to receive normal-mode
and low-mode signals from sensor 74. In response to sensor
74 sensing the presence of lubricating oil, sensor 74 issues its
normal-mode signal to transmitter 221, which receives the
normal-mode signal and wirelessly transmits the normal-
mode signal to receiver 222 and which, in turn, receives the
normal-mode signal from transmitter 221 and in response
thereto relays the normal-mode signal to signal apparatus 151
through bus 156 for processing the normal-mode signal for
triggering signal apparatus 151 to issue the resulting normal-
mode stimulus issued through operator display 153 for iden-
tifying a normal lubricating oil level condition. In response to
sensor 74 sensing the non-presence of lubricating oil, sensor
74 issues its low-mode signal to transmitter 221, which
receives the low-mode signal and wirelessly transmits the
low-mode signal to receiver 222 and which, in turn, receives
the low-mode signal from transmitter 221 and in response
thereto relays the low-mode signal to signal apparatus 151
through bus 156 for processing the low-mode signal for trig-
gering signal apparatus 151 to issue the resulting low-mode
stimulus issued through operator display 153 for identifying
a low lubricating oil level condition.

Transmitter 221 is a conventional radio-frequency trans-
mitter, and receiver 222 is a conventional radio-frequency
receiver. Transmitter 221 is adapted to be removably coupled
to cap assembly 50', and is therefore considered to be a cap
assembly-attachable transmitter. More specifically, transmit-
ter 221 is configured to be removably coupled to plug 73 of
cap assembly 50, and is therefore considered more specifi-
cally to be a plug-attachable transmitter, wherein plug 73 and
transmitter 221 together form a transmitter-plug assembly in
accordance with the principle of the invention.

In this embodiment, transmitter 220 is formed in the shape
of'a cylindrical body 230, which has opposed inner and outer
ends 231 and 232. A blind bore 233 is formed in cylindrical
body 230, which extends into cylindrical body 230 from inner
end 231 and terminates at an end wall 234 within cylindrical
body 230. Blind bore 233 is inwardly threaded and relates to
an outwardly threaded location spigot 240 formed in head 92
of outer end or extremity 91 of plug 73 so as to be capable of
being threaded onto location spigot 240 of outer end or
extremity 91 of plug 73 to removably couple transmitter 221
to plug 73. To removably attach transmitter 221 to plug 73,
cylindrical body 230 is threaded onto location spigot 240 of
outer end or extremity 91 of plug 73 by applying location
spigot 240 of plug 73 to blind bore 233 and then rotating
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cylindrical body 230 so as to threadably secure and tighten
location spigot 240 of plug 73 into blind bore 233 and to draw
and tighten inner end 231 of cylindrical body 230 against
head 92 of outer end or extremity 91 of plug 73 so as to locate
transmitter 221 alongside the outer side or face 81 of cap 70.

Inwardly threaded blind bore 233 complements outwardly
threaded location spigot 230 of outer extremity 91 of plug 73,
which together form an engagement assembly that removably
couples or attaches transmitter 221 to plug 73. According to
this disclosure, outwardly threaded location spigot 240 of
plug 73 is exemplary of an engagement element of the
engagement assembly removably coupling transmitter 221 to
plug 73, and inwardly threaded blind bore 233 is exemplary of
acomplemental element of the engagement assembly remov-
ably coupling transmitter 221 to plug 73. In alternate embodi-
ments, other forms of engagement assemblies may be formed
between transmitter 221 and plug 73 to removably couple
transmitter 221 to plug 73 without departing from the inven-
tion, such as a detent engagement pair, a key engagement pair,
etc.

Plug 73 of cap assembly 50' is formed with a conductor
structure denoted generally at 250, which operatively couples
sensor 74 to transmitter 221. The operative coupling between
sensor 74 and transmitter 21 is an electrical coupling and a
signal communication coupling such that transmitter 221 is
coupled to receive the normal-mode and low-mode signals
from sensor 74. Conductor structure 250 is a conductive track
orwire 251 that is formed of copper and that extends centrally
through plug 73 from an outer contact 252 that protrudes
outwardly from the geometric center of location spigot 240,
to an inner contact 253 that protrudes outwardly from the
geometric center of inner end 93 of plug 73. Outer contact 252
contacts and mates with a corresponding electrical contact
260 formed in endwall 234 of transmitter 221 removably
coupled to location spigot 240 of outer end or extremity 91 of
plug 73 and this electrically connects transmitter 221 to con-
ductor structure 250 formed in plug 73, and inner contact 253
contacts and mates with electrical contact 143 formed in
endwall 134 of sensor 74 removably coupled to inner end 93
of plug 73 and this electrically connects sensor 74 to conduc-
tor structure 138 formed in plug 73, whereby conductor struc-
ture 250 electrically connects sensor 74 to transmitter 221 and
couples sensor 74 in signal communication to transmitter
221, which characterizes the operative coupling of sensor 74
to transmitter 221. Transmitter 221 is formed with an internal
battery 270, which is electrically connected to contact 260
formed in transmitter 221 with wiring 271 formed in trans-
mitter 221 between battery 270 and contact 260. Battery 270
is a 9-volt battery in the present embodiment, which powers
transmitter 221 and which powers sensor 74 via the electrical
connection between sensor 74 and transmitter 221. The
assemblage sensor 74 and transmitter 221 onto plug 73 ener-
gizes both sensor 74 and 221 with electric power from battery
270, and operatively couples transmitter 221 to sensor 74 to
receive normal-mode and low-mode signals from sensor 74.
Again, in response to sensor 74 sensing the presence of lubri-
cating oil, sensor 74 issues its normal-mode signal to trans-
mitter 221 via conductor structure 250 formed in plug 73,
which transmitter 221 receives the normal-mode signal and
wirelessly transmits the normal-mode signal to receiver 222
and which, in turn, receives the normal-mode signal from
transmitter 221 and in response thereto relays the normal-
mode signal to signal apparatus 151 through bus 156 for
processing the normal-mode signal for triggering signal
apparatus 151 to issue the resulting normal-mode stimulus
issued through operator display 153 for identifying a normal
lubricating oil level condition. And again, in response to
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sensor 74 sensing the non-presence of lubricating oil, sensor
74 issues its low-mode signal to transmitter 221 via conductor
structure 250 formed in plug 73, which transmitter 221
receives the low-mode signal and wirelessly transmits the
low-mode signal to receiver 222 and which, in turn, receives
the low-mode signal from transmitter 221 and in response
thereto relays the low-mode signal to signal apparatus 151
through bus 156 for processing the low-mode signal for trig-
gering signal apparatus 151 to issue the resulting low-mode
stimulus issued through operator display 153 for identifying
a low lubricating oil level condition.

Receiver 222 is conventionally wired to bus 156 with elec-
trical wiring formed in vehicle 20, and is mounted to vehicle
20 at any desired location so as to promote a competent
wireless coupling between transmitter 221 (not shown in FI1G.
1) and receiver 222. As a matter of example, in FIG. 1 receiver
222 is shown as it would appear attached to the top of operator
cab 21 of vehicle 20, and while this location is optimum and
suitable for facilitating a competent wireless coupling
between transmitter 221 and receiver 222, receiver 222 can be
mounted at other locations along vehicle 20 as may be
desired.

The various cap assemblies incorporated with the various
track rollers of the various track assemblies 30A-30D may
each be either cap assembly 50 related to system 150, or cap
assembly 50' related to system 220 as both cap assembly
iterations function identically with respect to signal apparatus
151 with the exception the sensor 74 of cap assembly 50 is
operatively coupled to signal apparatus 151 with a “hard” or
“wired” electrical connecting architecture formed between
sensor 74 and signal apparatus 151 as described above, and
that sensor 74 of cap assembly 50' is operatively coupled to
signal apparatus 151 with a wireless connection/coupling
facilitated by transmitter 221 and receiver 222 wirelessly
coupling receiver 74 to signal apparatus 151.

The various embodiments of the invention herein specifi-
cally disclosed are discussed in connection with a lubricating
oil reservoir of a roller of a tracked vehicle for maintaining a
volume of lubricating oil for providing machine lubrication to
the roller. Consistent with the teachings of the invention set
forth throughout this specification, it is to be understood that
the various embodiments of the invention may be carried out
in connection with other forms of lubricating oil reservoirs
that maintains a volume of a lubricating oil for providing
machine lubrication, e.g., for providing machine lubrication
to a piston assembly or other reciprocating mechanism, a
pinion or other rotary mechanism, a differential or other gear
assembly, etc.

In cap assemblies 50 and 50, sensor 74 is formed in the
shape of cylindrical body 130 having opposed inner and outer
ends 131 and 132 and a blind bore 133 that extends into
cylindrical body 130 from inner end 131 and which termi-
nates at end wall 134 within cylindrical body 130. As shown
and described herein, blind bore 133 is inwardly threaded and
relates to outwardly threaded inner end 93 of plug 73 so as to
be capable of being threaded onto inner end 93 of plug 73 to
removably couple sensor 74 to plug 73 so as to form a sensor-
plug assembly. As previously described, to removably attach
sensor 74 to plug 73, cylindrical body 130 is threaded onto
inner end 93 of plug 73 by applying inner end 93 of plug 73 to
blind bore 133 and then rotating cylindrical body 130 so as to
threadably secure and tighten outer end 93 of plug 73 into
blind bore 133 and to draw and tighten inner end 131 of
cylindrical body 130 against the area of inner face 82 of cap
70 that encircles port 71. In cap assembly 50, conductive track
141 extends centrally through threaded post 90 to contact 143
that protrudes outwardly from the geometric center of inner
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end 93 of plug 73, and which contacts and mates with corre-
sponding electrical contact 143 formed in endwall 134 of
sensor 74 removably coupled to inner end 93 of plug 73,
which electrically connects sensor 74 to conductor structure
138 formed in plug 73. In cap assembly 50', conductive track
251 extends centrally through threaded post 90 to contact 253
that protrudes outwardly from the geometric center of inner
end 93 of plug 73, and which contacts and mates with corre-
sponding electrical contact 143 formed in endwall 134 of
sensor 74 removably coupled to inner end 93 of plug 73,
which electrically connects sensor 74 to conductor structure
250 formed in plug 73. In both cap assemblies 50 and 50,
adhesive denoted at 135 is applied between inner end 131 of
cylindrical body 130 of sensor 74 and inner face 82 of cap 70,
which adhesively adheres cylindrical body 130 to inner face
82 of cap 70. Again, this allows plug 73 to be threadably
removed from port 71 and sensor 74 without sensor 74
detaching and falling away from cap 71, and sensor 74 may be
initially adhesively applied to cap 70 with blind bore 133
aligned with port 71 as shown in FIG. 6, after which plug 73
may be threaded into port 71 and into blind bore 133 to secure
plug 73 to port 71 and removably couple plug 73 to sensor 74.

FIG. 13 is a highly generalized vertical section view of an
alternate embodiment of a sensor-plug assembly of an attach-
able cap assembly constructed and arranged in accordance
with the principle of the invention that may be used in cap
assembly 50 and in cap assembly 50", if so desired. In FIG. 13,
sensor 74 is formed in the shape of cylindrical body 130
having opposed inner and outer ends 131 and 132 and bore
133 A that extends through cylindrical body 130 from inner
end 131 to outer end 132. There is no endwall formed in outer
end 132, and so outer end 132 is open and bore 133A is not
blind. Bore 133A is inwardly threaded and relates to out-
wardly threaded inner end 93 of threaded post 90 of plug 73
s0 as to be capable of being threaded onto inner end 93 of plug
73 to removably couple sensor 74 to plug 73 so as to form the
sensor-plug assembly embodiment depicted in FIG. 13. To
removably attach sensor 74 to plug 73, cylindrical body 130 is
threaded onto inner end 93 of plug 73 by applying inner end
93 of plug 73 to bore 133 A and then rotating cylindrical body
130 so as to threadably secure and tighten outer end 93 of plug
73 into bore 133 A and to draw and tighten inner end 131 of
cylindrical body 130 against the area of inner face 82 of cap
70 that encircles port 71.

In FIG. 13, the conductive track 141 of cap assembly 50
and the conductive track 151 of cap assembly 50" is replaced
with conductive track 260. Conductive track 260 extends
through threaded post 90 and is out-turned to a contact 261 at
the outer or outward threads of threaded post 90 near inner
end 93 of threaded post 90, and which contacts and mates
with a corresponding annular electrical contact 143 A formed
at the threads of threaded bore 133 A of sensor 74 removably
coupled via threading to inner end 93 of plug 73, which
electrically connects sensor 74 to conductor structure 260
formed in plug 73. Adhesive denoted at 135 is applied
between inner end 131 of cylindrical body 130 of sensor 74
and inner face 82 of cap 70, which adhesively adheres cylin-
drical body 130 to inner face 82 of cap 70 in the embodiment
of FIG. 13, and this allows plug 73 to be threadably removed
from port 71 and sensor 74 without sensor 74 detaching and
falling away from cap 71, and sensor 74 may be initially
adhesively applied to cap 70 with bore 133 aligned with port
71 if so desired, after which plug 73 may be threaded into port
71 and into bore 133A to secure plug 73 to port 71 and
removably couple plug 73 to sensor 74 in the embodiment of
FIG. 13. Because outer end 132 is open in the embodiment of
FIG. 13, bore 133 A is open to bore 133 A is open to reservoir
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60. As such, with sensor 74 adhesively adhered to inner face
82 of cap 70 in the embodiment of FIG. 13, reservoir 60 may
be serviced in the form of lubricating oil replenishment or
adjustment through port 71 and bore 133 A when plug 73 is
removed from port 71 and sensor 74.

The present invention is described above with reference to
preferred embodiments. However, those skilled in the art will
recognize that changes and modifications may be made in the
described embodiments without departing from the nature
and scope of the present invention. Various further changes
and modifications to the embodiments herein chosen for pur-
poses of illustration will readily occur to those skilled in the
art. To the extent that such modifications and variations do not
depart from the spirit of the invention, they are intended to be
included within the scope thereof.

Having fully described the invention in such clear and
concise terms as to enable those skilled in the art to under-
stand and practice the same, the invention claimed is:

1. Apparatus, comprising:

a lubricating oil reservoir includes an open end closed by a

cap removably coupled to the open end;

the cap includes a lubricating oil engaging side that faces

the reservoir, a sensor positioned in the lubricating oil
reservoir, and a conductor;

a signal apparatus electrically connected to the conductor;

aconductor structure electrically connects the conductor to

the sensor to electrically connect the sensor to the signal
apparatus in signal communication;

the lubricating oil reservoir for holding a volume of lubri-

cating oil for providing machine lubrication, which said
volume of lubricating oil is to extend vertically upward
into the lubricating oil reservoir in a direction toward the
sensor and in direct contact with the lubricating oil
engaging side of the cap so as to touch the sensor when
the volume of lubricating oil is sufficient to fill the lubri-
cating oil reservoir to a recommended oil level, and so as
to not touch the sensor when the volume of lubricating
oil is insufficient to fill the lubricating oil reservoir to the
recommended oil level;

the sensor for sensing the presence of lubricating oil in

response to the sensor touching the volume of lubricat-
ing oil in the lubricating oil reservoir when the volume of
lubricating oil is sufficient to fill the lubricating oil res-
ervoir to the recommended oil level, and for sensing the
non-presence of lubricating oil in response to the sensor
not touching the volume of lubricating oil in the lubri-
cating oil reservoir when the volume of lubricating oil is
insufficient to fill the lubricating oil reservoir to the
recommended oil level;

the signal apparatus for issuing a first stimulus in response

to the sensor sensing the presence of lubricating oil, and
for issuing a second stimulus in response to the sensor
sensing the non-presence of lubricating oil;

the first stimulus is for identifying a normal lubricating oil

level condition;

the second stimulus is different from the first stimulus and

is for identifying a low oil level condition; and further
comprising a bolt hole, lined with a conductive liner, in
the open end of the reservoir; the conductive liner is
electrically connected to the signal apparatus; a bolt is
threaded into the bolt hole removably coupling the cap to
the open end of the lubricating oil reservoir; and the bolt
is concurrently electrically connected to the conductor
and the conductive liner to electrically connect the con-
ductor to the conductive liner.

2. The apparatus according to claim 1, wherein the con-
ductor is formed on the outer side of the cap.
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3. The apparatus according to claim 2, wherein the con-
ductor comprises an elongate conductive track that extends
from a first conductive track electrically connected to the
conductor structure and a second conductive track electrically
connected to the bolt.

4. The apparatus according to claim 3, wherein the sensor
is adhesively adhered to the lubricating oil engaging side of
the cap.

5. The apparatus according to claim 4, wherein the signal
apparatus is an illuminated display for issuing a first state of
illumination being the first stimulus, and a second different
state of illumination being the second stimulus.

6. Apparatus, comprising:

a lubricating oil reservoir includes an open end closed by a

cap removably coupled to the open end;

the cap includes an outer side and an opposed lubricating

oil engaging side facing into the lubricating oil reservoir,
amaintenance port that extends through the cap from the
outer side to the lubricating oil engaging side, a sensor
positioned in the lubricating oil reservoir, the sensor is
adhered to the lubricating oil engaging side, a plug
threaded to the maintenance port so as to close the main-
tenance port, and a conductor;

a signal apparatus electrically connected to the conductor;

the plug is formed with a conductor structure that electri-

cally connects the sensor to the conductor to electrically
connect the sensor to the signal apparatus in signal com-
munication;

the lubricating oil reservoir for holding a volume of lubri-

cating oil for providing machine lubrication, which said
volume of lubricating oil is to extend vertically upward
into the lubricating oil reservoir in a direction toward the
sensor and the plug and in direct contact with the lubri-
cating oil engaging side of the cap so as to touch the
sensor when the volume of lubricating oil is sufficient to
fill the lubricating oil reservoir to a recommended oil
level, and so as to not touch the sensor when the volume
of lubricating oil is insufficient to fill the lubricating oil
reservoir to the recommended oil level,

the sensor for sensing the presence of lubricating oil in

response to the sensor touching the volume of lubricat-
ing oil in the lubricating oil reservoir when the volume of
lubricating oil is sufficient to fill the lubricating oil res-
ervoir to the recommended oil level, and for sensing the
non-presence of lubricating oil in response to the sensor
not touching the volume of lubricating oil in the lubri-
cating oil reservoir when the volume of lubricating oil is
insufficient to fill the lubricating oil reservoir to the
recommended oil level;

the signal apparatus for issuing a first stimulus in response

to the sensor sensing the presence of lubricating oil, and
for issuing a second stimulus in response to the sensor
sensing the non-presence of lubricating oil;

the first stimulus is for identifying a normal lubricating oil

level condition;

the second stimulus is different from the first stimulus and

is for identifying a low oil level condition; and further
comprising a bolt hole, having a conductive liner, in the
open end of the reservoir; the conductive liner is electri-
cally connected to the signal apparatus; a bolt is threaded
into the bolt hole removably coupling the cap to the open
end of the lubricating oil reservoir; the conductor
extends from the conductor structure of the plug to the
bolt; and the bolt is concurrently electrically connected
to the conductor and to the conductive liner to electri-
cally connect the conductor to the conductive liner.
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7. The apparatus according to claim 6, wherein the con-
ductor is formed on the outer side of the cap.

8. The apparatus according to claim 7, wherein the con-
ductor comprises an elongate conductive track that extends
from a first conductive track electrically connected to the
conductor structure of the plug and a second conductive track
electrically connected to the bolt.

9. The apparatus according to claim 8, wherein the sensor
is adhesively adhered to the lubricating oil engaging side of
the cap.

10. The apparatus according to claim 9, wherein the signal
apparatus is an illuminated display for issuing a first state of
illumination being the first stimulus, and a second different
state of illumination being the second stimulus.

11. Apparatus, comprising:

a lubricating oil reservoir includes an open end closed by a

cap removably coupled to the open end;

a sensor positioned in the lubricating oil reservoir;

the cap includes an outer side and an opposed lubricating

oil engaging side facing into the lubricating oil reservoir,
amaintenance port that extends through the cap from the
outer side to the lubricating oil engaging side, a plug
threaded to the maintenance port and to the sensor so as
to close the maintenance port, and a conductor;

a signal apparatus electrically connected to the conductor;

the plug is formed with a conductor structure that electri-

cally connects the sensor to the conductor to electrically
connect the sensor to the signal apparatus in signal com-
munication;

the lubricating oil reservoir for holding a volume of lubri-

cating oil for providing machine lubrication, which said
volume of lubricating oil is to extend vertically upward
into the lubricating oil reservoir in a direction toward the
sensor and the plug and in direct contact with the lubri-
cating oil engaging side of the cap so as to touch the
sensor when the volume of lubricating oil is sufficient to
fill the lubricating oil reservoir to a recommended oil
level, and so as to not touch the sensor when the volume
of lubricating oil is insufficient to fill the lubricating oil
reservoir to the recommended oil level;

the sensor for sensing the presence of lubricating oil in

response to the sensor touching the volume of lubricat-
ing oil in the lubricating oil reservoir when the volume of
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lubricating oil is sufficient to fill the lubricating oil res-
ervoir to the recommended oil level, and for sensing the
non-presence of lubricating oil in response to the sensor
not touching the volume of lubricating oil in the lubri-
cating oil reservoir when the volume of lubricating oil is
insufficient to fill the lubricating oil reservoir to the
recommended oil level;

the signal apparatus for issuing a first stimulus in response
to the sensor sensing the presence of lubricating oil, and
for issuing a second stimulus in response to the sensor
sensing the non-presence of lubricating oil;

the first stimulus is for identifying a normal lubricating oil
level condition;

the second stimulus is different from the first stimulus and
is for identifying a low oil level condition; and further
comprising a bolt hole, having a conductive liner, in the
open end of the reservoir; the conductive liner is electri-
cally connected to the signal apparatus; a bolt is threaded
into the bolt hole removably coupling the cap to the open
end of the lubricating oil reservoir; the conductor
extends from the conductor structure of the plug to the
bolt;

and the bolt is concurrently electrically connected to the
conductor and to the conductive liner to electrically con-
nect the conductor to the conductive liner.

12. The apparatus according to claim 11, wherein the con-
ductor is formed on the outer side of the cap.

13. The apparatus according to claim 12, wherein the con-
ductor comprises an elongate conductive track that extends
from a first conductive track electrically connected to the
conductor structure of the plug and a second conductive track
electrically connected to the bolt.

14. The apparatus according to claim 13, wherein the sen-
sor is adhesively adhered to the lubricating oil engaging side
of'the cap.

15. The apparatus according to claim 14, wherein the signal
apparatus is an illuminated display for issuing a first state of
illumination being the first stimulus, and a second different
state of illumination being the second stimulus.
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